Reports of uterine cancer deaths that do not specify the subsite of the tumor threaten the quality of the epidemiologic appraisal of corpus and cervix uteri cancer mortality. The present study assessed the impact of correcting the estimated corpus and cervix uteri cancer mortality in the city of São Paulo, Brazil. The epidemiologic assessment of death rates comprised the estimation of magnitudes, trends , and area-level distribution based on three strategies: i) using uncorrected death certificate information; ii) correcting estimates of corpus and cervix uteri mortality by fully reallocating unspecified deaths to either one of these categories, and iii) partially correcting specified estimates by maintaining as unspecified a fraction of deaths certified as due to cancer of "uterus not otherwise specified". The proportion of uterine cancer deaths without subsite specification decreased from 42.9% in 1984 to 20.8% in 2003. Partial and full corrections resulted in considerable increases of cervix (31.3 and 48.8%, respectively) and corpus uteri (34.4 and 55.2%) cancer mortality. Partial correction did not change trends for subsite-specific uterine cancer mortality, whereas full correction did, thus representing an early indication of decrease for cervical neoplasms and stability for tumors of the corpus uteri in this population. Ecologic correlations between mortality and socioeconomic indices were unchanged for both strategies of correcting estimates. Reallocating unspecified uterine cancer mortality in contexts with a high proportion of these deaths has a considerable impact on the epidemiologic profile of mortality and provides more reliable estimates of cervix and corpus uteri cancer death rates and trends. 
Introduction
Different histological, etiologic and epidemiologic features of uterine cancer require the anatomic specification of the tumor, which can originate in the corpus or in the cervix uteri. Erroneous estimates of mortality rates are a long-standing concern affecting the epidemiologic assessment of uterine cancer in areas presenting a high percentage of uterine cancer deaths which are not specified as to the subsite where the tumor originated (1) .
In its most prevalent form, corpus uteri cancer occurs in the surface mucous lining (endometrium) and is represented by adenocarcinomas; the same designation includes other histological types, such as sarcomas affecting the uterine muscle (myometrium). The risk of endometrial cancer has been reported to be associated with obesity, nulliparity and late menopause (2) , and with hormone replacement therapy (3) . Cervix uteri tumors are mainly of squamous cell histological type, a category of carcinomas whose etiology is considered to be one of the best known (4, 5) , and a smaller proportion of cervical neoplasms refers to adenocarcinomas, with etiologic features analogous to those of corpus uteri cancer. Death certificates commonly classify as cancer of uterus NOS (not otherwise specified) cases lacking the identification of the subsite of the tumor. The topographic misclassification of cancer of the uterus indicates insufficient training of physicians filling out death certificates (6) , in addition to possibly reflecting the high probability of delayed diagnosis and insufficient or inadequate medical assistance. Percy et al. (7) attributed the decrease of mortality due to cancer of uterus NOS in the US to improved accuracy of health information. After comparing death certificates to hospital-based information, they proposed that a high proportion of these deaths should be recoded as cancer of the corpus uteri. In a survey of UK information, Swerdlow (8) observed that misspecification would not affect trends of cervical cancer mortality for women aged less than 50 years, because the reduced proportion of uterine cancer of unspecified location in this segment was compatible with the hypothesis of the majority of these cases being attributable to corpus uteri cancer.
Despite these observations, the appraisal of countries and age groups with a high proportion of deaths by misclassified uterine cancer suggests that attributing NOS deaths to corpus uteri cancer is not recommended because it hinders comparisons in time and geography of the epidemiologic profile of corpus and cervix uteri cancer deaths. Sanchez Garrido et al. (9) compared death certificates with medical information gathered by the Cancer Registry of Girona (Catalonia, Spain), and reported that only 20% of deaths formerly identified as uterus NOS should remain in this category. Of the remaining deaths, 24% were previously reported as incident cases of cervical cancer, 29% as corpus uteri cancer, 13% as cancer of the ovary, and 14% as cancer affecting other sites of the female reproductive system. However, reviewing hospital records or cancer registries to supplement mortality information is hardly feasible. The perception of a large variation in the accuracy of death certificates within Europe led several studies (10) (11) (12) to propose the reclassification of deaths recorded as cancer of the uterus NOS. This correction consists of adjusting the number of deaths certified as corpus or cervix uteri cancer, by reallocating those previously classified as unspecified to either one of these two categories, according to the age-specific proportion of deaths specified in each country. This strategy was thought to be effective to reduce the problem of misclassification of uterine cancer and to allow inter-country comparisons of magnitude and trends of corpus and cervix uteri mortality.
The current study assessed two schemes for correcting estimates of unspecified uterine cancer deaths in a context previously reported as presenting an elevated proportion of these deaths: the city of São Paulo, Brazil (13) . The objective of this study was to quantify the impact of corrections on the epidemiologic profile (i.e., the magnitude, temporal trends and area-level distribution) of data related to corpus and cervix uteri cancer.
Material and Methods
Official data on deaths occurring in the city of São Paulo from 1980 to 2003 were obtained from the system for information on mortality in the State of São Paulo, a database considered to be reliable by several studies (14) (15) (16) . Mortality information was stratified by underlying cause, age, year, and area of residence. The stratification of underlying cause used the International Classification of Diseases, 9th revision (ICD-9), from 1980 to 1995, and the 10th revision (ICD-10) from 1996 to 2003. Cervical cancer refers to the C53 ICD-10 code and 180 ICD-9 code; corpus uteri cancer refers to C54 (ICD-10) and 182 (ICD-9), and uterus NOS cancer refers to C55 (ICD-10) and 179 (ICD-9).
General censuses performed in 1980, 1991, 1996, and 2000 provided population information for the estimation of death rates. Time series analysis used yearly death rates calculated for the city of São Paulo from 1980 to 2003. The ecological assessment used average yearly death rates for each district of the city for the period 1995-2003 as a whole. Both analyses comprised the adjustment of death rates for the distribution of age groups by the direct method (17) . The population of the city as a whole in 2003 was used as the standard population for this objective.
The current geographic division of the city into 96 districts was established in 1991 by governmental institutions for administrative purposes, in order to delimit regions with homogeneous socioeconomic status. The characterization of the city's districts used data provided by the census performed in 2000, which is the most recent source of population information. Literacy rate refers to persons aged 20 or more years. Years of study (averages) and high-school graduates (proportions) refer to the head of the household in each area. Income was measured in terms of household per capita average for each area. The Gini coefficient (18) was used to gauge inequality of income distribution at the area level. Population crowding (the number of dwellers per household) and the proportion of slum households (shantytowns) were used to characterize living standards in each area. The human development index is a composite measurement assembling information on income, instructional levels and longevity. The local health authority estimated this index for the city's districts according to methodological criteria set forth by the United Nations Development Programme (19) .
Uterine cancer mortality was stratified by subsite for time series and ecological correlations. Three strategies were used to deal with the problem posed by unspecified uterine cancer deaths. The first one consisted in estimating mortality by solely using certified information on uterine cancer deaths. The second strategy, named "full correction", comprised the reallocation of deaths certified as cancer of uterus NOS to either corpus or cervix uteri according with the proportion of deaths originally certified for each category of cause, by year and age group (for time-series analysis), and by district of residence and age group (for the arealevel assessment). The third strategy, named "partial correction", performed the same calculation, though including a third category for "uterus NOS, corrected", considering that a parcel of deaths certified as due to unspecified uterine cancer in reality could not be specified, and should rather remain classified in this category.
These three strategies were used to estimate magnitudes, trends and ecological correlations (i.e., the assessment of association between death rates and indices of socioeconomic status at the area level) of mortality, and permitted the appraisal of the differential impact of corrections on the epidemiologic profile of subsite-specific uterine cancer mortality.
The magnitude of death rates was assessed as averages for the former (1980) (1981) (1982) 
Results
The proportion of uterine cancer deaths without specification of subsite presented a decreasing trend, though figures were relatively high during the entire study period (Figure 1) . The overall proportion of unspecified uterine cancer was highest (42.9%) in 1984 and lowest (20.8%) in 2003. For women aged 50 or more years, deaths by uterus NOS cancer remained stationary at 40% during the 1980's, progressively decreasing thereafter. Younger women presented lower percentages of uterus NOS cancer mainly during more recent years.
Time-series analysis for cervical cancer mortality indicated a stationary trend at nearly 6 deaths per year for each 100,000 women in the city ( Figure 2 , Table 1 ). Both the partial and the full correction resulted in a significant increase in the magnitude of cervical cancer mortality: the partial correction indicated a stationary 31.3% higher trend (nearly 8 deaths per 100,000 women), and the full correction indicated a decreasing trend at a rate of 8.62‰ per year, though maintaining, on average, a 48.8% higher magnitude (nearly 9 deaths per 100,000 women).
Corrections also resulted in modification of trends and increase of magnitude for corpus uteri cancer ( Figure 3 , Table 1 ). The rate of yearly increase observed for certified estimates of corpus uteri cancer mortality (9.53‰ per year) was attenuated after the partial correction (4.16‰ per year), while the full correction resulted in figure nonsignificantly different from zero, which indicates a stationary trend. Magnitude increased, on average, by 34.4 and 55.2%, respectively, for the partial and the full correction during the study period.
Correction schemes did not present remarkable changes in the area-level distribution of either corpus or cervix uteri cancer mortality. Independently of considering certified estimates, either the partial or the full time-series analysis (20) . The association between district-level figures of uterine cancer mortality and co-variates of socioeconomic status used a nonparametric (Spearman's rho) correlation coefficient (17) . correction, analogous evidence is available for ecological correlations involving subsitespecific uterine cancer deaths (Table 2) .
District-level figures of cervical cancer mortality correlated positively with illiteracy rate, Gini coefficient, proportion of households in shantytowns and crowding, and negatively with years of study, proportion of households' heads who were high-school graduates, income, and the human development index. These associations presented high-Spearman correlation coefficients and low P values, independent of being assessed for certified estimates or for the partial or the full correction. Cervical cancer death rates tended to rank higher in deprived areas of the city, thus presenting a negative socio- economic gradient, and this observation remained unchanged even after correcting mortality estimates (Table 2) . Noteworthy, mortality by corpus uteri cancer also indicated analogous ecological correlations for the three approaches, with death rates presenting consistent indications of a positive socioeconomic gradient. In contrast to cervix uteri cancer, corpus uteri cancer took its greatest toll in the most affluent areas of the city. As to ecological correlations involving uterus NOS mortality, certified estimates presented a negative socioeconomic gradient, while the partial correction resulted in a pattern of absent correlation with area-level indices of socioeconomic status ( Table 2) .
Discussion
There is a long-standing concern regarding the specification of death causes for the elderly. Under conditions of material deprivation and reduced provision of diagnostic resources, the underlying cause of death would not be extensively investigated in the elderly, which would affect cancer statistics (21) and the general mortality (22) . The current study indicated that, in the city of São Paulo, even for women aged less than 50 years, a non-negligible proportion (near 20%) of uterine cancer deaths remained unspecified as to subsite during the most recent years. This observation reinforces the need of correcting estimates of corpus and cervix uteri cancer mortality in epidemiologic appraisals, because the exclusive use of certified information would produce unreliable estimates for both of these cancer types.
Loos et al. (23) stated the importance of reallocating unspecified uterine cancer deaths to estimate the most probable true rates of cervix and corpus uteri cancer. Geographic and temporal assessments would require such procedures in order to fulfill valid analyses. Based upon data related to eight European countries, they concluded that, without corrections, international comparisons of mortality from cancers of the cervix and corpus uteri, as well as studies of trends within and between countries, could lead to seriously misleading statistics. They also stated that this procedure should rather be performed based upon previously certified information than on surrogating proportions of a reference population, which would imply an additional source of variation for the estimates.
In the analysis of our data, we noted that death rates related to registered information on cancer of the uterus NOS had similar ecological correlations of cervical cancer mortality, and presented a negative socioeconomic gradient. This observation suggests that part of these deaths should indeed be reallocated to cervical cancer. The perception that non-corrected death rates would involve underestimation of cervical cancer mortality is consistent with the study of Fonseca et al. (13) , which appraised this category of cancer mortality as not specifically high in São Paulo, in the context of international comparisons. Early signs of the decline of cervical cancer mortality in Latin American countries (24) and in the Brazilian context (25) had already been reported to be masked by the misspecification of uterine cancer deaths, and the current study may provide quantitative evidence of this decrease. However, the assessment of a significant decreasing trend of cervical cancer mortality demanded a full reallocation of deaths by unspecified uterine cancer, and a further estimating process involves a higher risk of error. Therefore, additional studies should explore whether the decreasing trend of cervical cancer mortality is a statistical artefact or can effectively be stated for the city of São Paulo.
The World Health Organization recognizes cervical cancer as a major but solvable health problem among women in developing countries, by the implementation of health education, availability of standardized treatments, and effective early detection and referral policies (26) . Although these resources are considered available for the Latin-American context (27) , this category ranks only lower than skin and breast regarding cancer incidence in females, and only lower than breast, colon, lung, and stomach regarding cancer mortality in the city during recent years (28) . Robles et al. (29) attributed the persistence of stationary trends for cervical cancer mortality in the Americas as due to the implementation of cytological screening associated with prenatal and family planning programs, thus mostly serving younger women, while the real need is for screening the older ones, who are at a substantially higher risk. Lazcano-Ponce et al. (30) identified a high proportion of false-negative results and of specimens lacking endocervical cells, besides deficient knowledge of women as to the purpose of Pap smears, as additional factors for the low effectiveness of screening procedures in a Latin-American context. Studies performed in the city of São Paulo reported a lower coverage of cervical screening for women with poor socioeconomic status (and consequently at greater risk of cervical cancer), and identified the main hindrances to having a Pap smear: embarrassment, fear, difficulties in accessing health services, low schooling, and lack of motivation (31, 32) .
The incidence of cervical cancer involves relevant behavioral risk factors (5) and its mortality is influenced by differential levels of access to and effectiveness of health services. These conditions would explain the negative socioeconomic gradient of the disease, which was not dependent on corrections regarding unspecified uterine cancer deaths. Cervical cancer presented unmistakable indications of association with deprivation in the city, a condition that had already been assessed at the ecological level in Spain (33) and in the Netherlands (34) . Its trend was considered stationary by two out of three scenarios drawn in this study, and the correction schemes suggested major increases of magnitude. These observations indicate how much remains to be done for the control of the disease in the city of São Paulo.
Unlike most diseases, the incidence of corpus uteri cancer is higher for the upper social classes (35) . However, this cancer form is treatable by surgical resection, and is considered to have a good prognosis. This observation would explain the report of higher mortality in the lower social classes (36) (37) (38) (39) , since these segments are less prone to a prompt detection and overall effective treatment. Nevertheless, the significant positive socioeconomic gradient of mortality by corpus uteri cancer in areas of the city sug-gests that medical care has not been effective in modifying the area-level distribution of incidence in São Paulo.
This consideration is aggravated by the observation that neither scheme for correcting the certified mortality by corpus uteri cancer modified its positive socioeconomic gradient. The concern regarding the effectiveness of medical care for patients with corpus uteri cancer is even more aggravated by the current indication that death rates are on the increase or, at least, have not decreased during the last twenty years. Furthermore, the elevated proportion of unspecified uterine cancer deaths indicates that, as well as for cervical cancer, figures of corpus uteri cancer mortality were rather underestimated in magnitude.
Several studies have reported relevant proportions of unspecified uterine cancer deaths or addressed the need of correcting estimates for cervical and corpus uteri cancer (6) (7) (8) (9) (10) (11) (12) (13) (23) (24) (25) (26) (27) (28) (29) 39, 40) . The current assessment of different strategies to perform this correction indicated important modifications of the epidemiologic profile of cervix and corpus uteri cancer. Besides resulting in remarkably higher magnitude of mortality, corrections indicated that trends of uterine cancer deaths may have been affected by subsite misspecification.
In conclusion, both the partial and the full corrections are preferable to exclusively appraising uncorrected information on uterine cancer mortality, an option that leads to an important underestimation of death rates for cervix and corpus uteri cancer. The partial correction represents a conservative option which considers that at least some of the deaths formerly classified as uterus NOS should remain unspecified as to the affected tissue. Although a further estimating process is subject to a higher risk of error, the full correction has been applied to several recent studies on uterine cancer mortality (10, 23, 40) . In spite of the longstanding call for increased accuracy of the report of deaths by uterine cancer (7), the proportion of unspecified mortality remains high in the Brazilian context. Reallocating deaths certified as due to cancer of uterus NOS to either corpus or cervix uteri allows an improved epidemiologic assessment of subsite-specific uterine cancer mortality. Figures estimated by both strategies evaluated in the current study are deemed to be more reliable than those associated with the exclusive use of certified information. Therefore, they should be used preferably in epidemiologic assessments aimed at fostering health policies and programs that target reductions in the burden of disease and in unnecessary, avoidable and unfair inequalities in health.
